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(57) ABSTRACT

An elastic wave device includes a piezoelectric substrate
including a primary surface and a first electrode which is
provided on the primary surface of the piezoelectric substrate,
which includes a first multilayer metal film including at least
three metal films laminated in a bottom-to-top direction, and
which includes at least an IDT film. The first multilayer metal
film includes a Ti film as the topmost film and has a crystal
orientation oriented in a predetermined direction so that the
normal line direction of the plane of a Ti crystal of the Ti film
coincides with the Z axis of a crystal of a piezoelectric body
defining the piezoelectric substrate.

8 Claims, 6 Drawing Sheets
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1
ELASTIC WAVE DEVICE INCLUDING
MULTILAYER METAL FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an elastic wave device used
for a resonator, a band-pass filter, or the like and to a method
for manufacturing the elastic wave device. In more particular,
the present invention relates to an elastic wave device in
which a first multilayer metal film and a second multilayer
metal film are formed on a piezoelectric substrate and to a
method for manufacturing the elastic wave device.

2. Description of the Related Art

In a conventional device, with the reduction in size of a
mobile phone or the like, the reduction in size of a band-pass
filter used therefor is also required. As this type of band-pass
filter, an elastic wave device using an elastic wave, such as a
surface acoustic wave, has been widely used.

Japanese Patent No. 5131117 discloses one example of the
elastic wave device. In the elastic wave device disclosed in
Japanese Patent No. 5131117, on a LiTaO; substrate 100, a
second electrode 121 is laminated so as to be overlapped with
apart of a first electrode 111 including an IDT electrode. The
first electrode 111 and the second electrode 121 are each
formed of a multilayer metal film. In the first electrode 111, a
Ptfilm 113, a Ti film 114, and an AlCu film 115 are laminated
in this order on a NiCr film 112, and on the AlCu film 115, a
Ti film 116 is laminated. The bottommost film of the multi-
layer metal film forming the second electrode 121 is formed
of'aTi film 122.

Japanese Patent No. 5131117 discloses that since the Ti
film of the first electrode and the Ti film of the second elec-
trode are in contact with each other, the contact resistance
therebetween can be decreased.

In addition, according to a surface acoustic wave device
disclosed in International Publication No. WO 09/150786, an
electrode is formed of a multilayer metal film including an
AlCu epitaxial film and a Ti film laminated thereon. In this
surface acoustic wave device, it has been disclosed that since
hillocks of Cu are generated when the multilayer metal film as
described above is exposed to a high temperature, a low
temperature treatment is necessarily performed.

With the reduction in size of the elastic wave device,
improvement in electric power handling capability thereof
has been strongly required. According to the elastic wave
device disclosed in Japanese Patent No. 5131117, although
the contact resistance described above could be decreased,
the electric power handling capability was not sufficient.

In addition, although International Publication No. WO
09/150786 has disclosed the surface acoustic wave device
using the multilayer metal film including an AlCu epitaxial
film, the contact resistance and the electric power handling
capability of the structure in which multilayer metal films are
laminated to each other have not been discussed.

SUMMARY OF THE INVENTION

Accordingly, preferred embodiments of the present inven-
tion provide an elastic wave device having an electrode mul-
tilayer structure which is excellent in electric power handling
capability and which has a low contact resistance between
first and second electrodes and a method for manufacturing
the elastic wave device described above.

According to a preferred embodiment of the present inven-
tion, an elastic wave device includes a piezoelectric substrate
including a primary surface, and a first electrode which is
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provided on the primary surface of the piezoelectric substrate,
which includes a first multilayer metal film including at least
three metal films laminated in a bottom-to-top direction, and
which includes at least an IDT electrode. In this elastic wave
device, the first multilayer metal film includes a Ti film defin-
ing a topmost film and has a crystal orientation oriented in a
predetermined direction so that the normal line direction of
the (001) plane of a Ti crystal of the Ti film coincides with the
Z axis of a crystal of a piezoelectric body defining the piezo-
electric substrate.

The elastic wave device according to one specific aspect of
various preferred embodiments of the present invention fur-
ther includes a second electrode which is provided above the
primary surface of the piezoelectric substrate and which is
includes a second multilayer metal film including at least two
metal films laminated in a bottom-to-top direction. In the
elastic wave device described above, a contact portion at
which the first electrode and the second electrode are electri-
cally connected to each other is defined by a portion at which
the bottommost metal film of the second multilayer metal film
is overlapped with the topmost metal film of the first multi-
layer metal film, the first multilayer metal film includes an
epitaxial film and the Ti film as the topmost film, and the
second multilayer metal film includes a Ti film as the bottom-
most film.

In the elastic wave device according to another specific
aspect of various preferred embodiments of the present inven-
tion, the topmost Ti film of the first multilayer metal film is an
epitaxial film.

In the elastic wave device according to another specific
aspect of various preferred embodiments of the present inven-
tion, the bottommost Ti film of the second multilayer metal
film is a polycrystalline film, the second multilayer metal film
further includes an Al film provided on the bottommost Ti
film, and the epitaxial Ti film which is the topmost film of the
first multilayer metal film and the polycrystalline Ti film
which is the bottommost film of the second multilayer metal
film define an interlayer Ti—Ti junction layer.

In the elastic wave device according to another specific
aspect of various preferred embodiments of the present inven-
tion, the epitaxial film is made of one material selected from
the group consisting of Al, AlCu, and Pt. In particular, the
epitaxial film is preferably made of AlCu.

In the elastic wave device according to another specific
aspect of various preferred embodiments of the present inven-
tion, a thickness of the topmost Ti film of the first multilayer
metal film preferably is approximately 30 A or more, for
example.

According to another preferred embodiment of the present
invention, there is provided a method for manufacturing an
elastic wave device, which includes laminating metal films on
a piezoelectric substrate to form a first multilayer metal film
functioning as a first electrode, and laminating metal films to
form a second multilayer metal film so as to include a portion
which overlaps the first multilayer metal film. In the manu-
facturing method described above, when the first multilayer
metal film is formed, an epitaxial film is formed, and a Ti film
is formed as the topmost film, and when the second multilayer
metal film is formed, a Ti film is formed as the bottommost
film.

In the method for manufacturing an elastic wave device
according to another specific aspect of various preferred
embodiments of the present invention, the first multilayer
metal film defining the first electrode is formed at a tempera-
ture of approximately 300° C. or less, and the second multi-
layer metal film is formed at a temperature of approximately
300° C. or less. In the manufacturing method described
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above, when the first multilayer metal film is formed, the
epitaxial film preferably is formed of AlCu.

In the elastic wave device and the manufacturing method
thereof according to various preferred embodiments of the
present invention, since the first electrode includes an AlCu
epitaxial film, in the first electrode including the IDT elec-
trode, the electric power handling capability is significantly
increased. Furthermore, since the first multilayer metal film
has a crystal orientation oriented in a predetermined direction
at the contact portion so that the normal line direction of the
(001) plane of the Ti crystal of the topmost Ti film of the first
multilayer metal film coincides with the Z axis of the crystal
of'the piezoelectric body defining the piezoelectric substrate,
the contact resistance is effectively decreased.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial front cross-sectional view showing an
important portion of an elastic wave device according to a
preferred embodiment of the present invention.

FIG. 2 is a schematic plan view of the elastic wave device
according to a preferred embodiment of the present invention.

FIG. 3 is a graph showing the relationship between a con-
tact resistance at a contact portion and the thickness of a
topmost Ti film at the contact portion according to a preferred
embodiment of the present invention.

FIG. 4 is a graph showing the relationship between the
contact resistance and a heat treatment temperature of the
elastic wave device according to a preferred embodiment of
the present invention.

FIG. 5 is a partially cutaway view showing a crossover type
wire portion included in an elastic wave device according to
another preferred embodiment of the present invention.

FIG. 6 is a schematic cross-sectional view showing an
electrode structure of a related elastic wave device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, with reference to the drawings, the present
invention will be described with reference to particular pre-
ferred embodiments.

FIG. 2 is a plan view showing a surface acoustic wave
device as an elastic wave device according to a preferred
embodiment of the present invention.

A surface acoustic wave device 1 includes a piezoelectric
substrate 2. As the piezoelectric substrate 2, a substrate
formed from a piezoelectric single crystal, such as LiTaO; or
LiNbO;, or a piezoelectric ceramic preferably is used. In this
preferred embodiment, the piezoelectric substrate 2 prefer-
ably is formed from LiTaO;.

On the piezoelectric substrate 2, an IDT electrode 3 is
provided. The IDT electrode 3 includes a plurality of first
electrode fingers 4 and a plurality of second electrode fingers
5. The first electrode fingers 4 and the second electrode fin-
gers 5 are alternately interposed with each other. In addition,
first dummy electrodes 6 are arranged so as to face front ends
of the first electrode fingers 4 in a direction in which the
electrode fingers extend. Second dummy electrodes 7 are
arranged so as to face front ends of the second electrode
fingers 5 in a direction in which the electrode fingers extend.

Base ends of the first electrode fingers 4 and the second
dummy electrodes 7 are connected to one bus bar. In addition,
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base ends of the second electrode fingers 5 and the first
dummy electrodes 6 are connected to the other bus bar.

In this preferred embodiment, on the piezoelectric sub-
strate 2, a first electrode 11 including the IDT electrode 3 is
provided. This first electrode 11 also includes wire patterns
16 to 18 and electrode pads 13 to 15, each of which is elec-
trically connected to the IDT electrode 3. Furthermore, a
second electrode 12 is laminated so as to overlap a portion of
the first electrode 11.

The second electrode 12 is laminated on the bus bars, the
wire patterns 16 to 18, and the electrode pads 13 to 15, which
are included in the first electrode 11.

The first electrode 11 includes a first multilayer metal film,
and the second electrode 12 includes a second multilayer
metal film.

As shown in FIG. 1, in this preferred embodiment, the first
electrode 11 preferably has a structure in which a Ti film 11a,
an AlCu epitaxial film 115, and a Ti film 11¢ are laminated in
this order from the bottom. In the first electrode 11, the AlCu
epitaxial film 115 preferably contains approximately 0.2 per-
cent by weight or more of Cu, for example.

The Ti film 11c¢ is laminated on the AlCu epitaxial film 115
and is an epitaxial film in this preferred embodiment. How-
ever, the Ti film 11c¢ is not always required to be an epitaxial
film.

The second electrode 12 has a structure in which a Ti film
12a and an AlCu film 125 are laminated in this order from the
bottom. As apparent in FIG. 1, at electrode finger portions of
the IDT electrode 3, the electrode fingers of the IDT electrode
3 preferably are made only from the first multilayer metal
film.

In the first electrode 11 of the surface acoustic wave device
1 of this preferred embodiment, since the AlCu epitaxial film
115 is an epitaxial film, the electric power handling capability
is effectively increased. That is, with the reduction in size of
the surface acoustic wave device 1, a heat dissipation perfor-
mance is degraded. Hence, the electric power handling capa-
bility may be degraded in some cases.

However, in this preferred embodiment, the AlCu epitaxial
film 1154 is used and increases the electric power handling
capability to approximately 10> times or more as compared to
that of a polycrystalline AlCu film. Hence, the electric power
handling capability is significantly increased. In addition, the
Ti film 124 of the second electrode 12 is laminated on the
topmost Ti film 11¢ of the first electrode 11 to define a contact
portion. Accordingly, the contact resistance is also effectively
decreased.

Hence, according to this preferred embodiment, the
improvement in electric power handling capability and the
decrease in contact resistance are both achieved.

The content of Cu in the AlCu epitaxial film 115 is prefer-
ably approximately 0.2 percent by weight or more, for
example. With this Cu content, the electric power handling
capability is further increased. In addition, when the Cu con-
tent is excessively high, the formation of the epitaxial film
may become difficult in some cases. Hence, the Cu content is
preferably approximately 10 percent by weight or less, for
example.

According to Japanese Patent No. 5131117, the AlCu film
is formed on the NiCr film provided on the piezoelectric
substrate. Since the structure of the NiCr film is amorphous,
the AlCu film disclosed in Japanese Patent No. 5131117
cannot be an epitaxial film. In particular, the normal line
direction of the (111) plane of the Al crystal of the AlCu film
laminated on the NiCr film, which is an amorphous film,
provided on the piezoelectric substrate and the normal line
direction of the (001) plane of the Ti Crystal of the Ti film as



US 9,406,862 B2

5

the topmost film cannot coincide with the Z axis direction of
the crystal of the piezoelectric body. Hence, as described
above, according to Japanese Patent No. 5131117, the electric
power handling capability cannot be increased unlike the case
of this preferred embodiment.

In addition, although the upper limit of the thickness of the
Ti film is not particularly limited, in consideration of a manu-
facturing method and the like, the upper limit preferably is
approximately 40 nm, for example.

FIG. 3 is a graph showing the relationship between a con-
tactresistance and the thickness ofthe Ti film 11¢ defining the
topmost film. This contact resistance indicates a resistance in
aregion of a contact portion having an area of approximately
20 umx20 pm, for example. As apparent from FIG. 3, it was
discovered that as the thickness of the topmost Ti film 11c is
increased, the contact resistance is decreased. In particular, it
was discovered that when the thickness of the Ti film 11c¢ is
increased to approximately 30 A or more, the contact resis-
tance is decreased to an approximately constant value. Hence,
since the contact resistance is capable of being further
decreased, the thickness of the Ti film 11c is preferably
approximately 30 A or more.

In the above preferred embodiment, on the primary surface
of the piezoelectric substrate made of a LiTaO; material,
epitaxial films of Ti, AlCu, and Ti having thicknesses of about
120 A, about 1,500 A, and about 50 A, respectively, are
formed in this order from a piezoelectric substrate side, thus
forming the first electrode. Furthermore, on the first elec-
trode, a Ti film having a thickness of approximately 400 A and
an AlCu film having a thickness of approximately 26,000 A
are formed in this order, thus forming the second electrode.
When the Ti film 11¢ of the above preferred embodiment is an
epitaxial film, the contact resistance of the contact portion
was about 281 mQ, for example. On the other hand, as a
comparative example, when an elastic wave device is formed
to have the same structure as that of the above preferred
embodiment except that only the Ti film 11c¢ used as the
topmost film is a polycrystalline film, the contact resistance of
the contact portion was about 294 m€2, for example. Hence,
when the Ti film 11c¢is an epitaxial film, the contact resistance
is further decreased. In addition, as the contact resistance, a
resistance in a region of a contact portion having an area of
approximately 20 pmx20 pm measured by a four-terminal
method was used.

A solid line in FIG. 4 represents the relationship between
the temperature and the contact resistance of the contact
portion of the above preferred embodiment, and a dotted line
represents the relationship between the temperature and the
contact resistance of a contact portion of an elastic wave
device prepared for comparison purpose. In this comparative
example, the topmost Ti film 11c¢ is not provided, and the Ti
film of the second electrode is directly laminated on the AlCu
film.

It was discovered that although the contact resistance is
high at a temperature of approximately 300° C. or less accord-
ing to the dotted line in F1G. 4, in the case in which the Ti films
are in contact with each other as in the above preferred
embodiment, regardless of the temperature, the contact resis-
tance is low, such as approximately 250 m<2 and is approxi-
mately constant. Hence, in the above comparative example,
although the contact resistance is decreased by treating at a
high temperature of approximately 300° C. or more, if the
heat treatment is performed at a temperature lower than
approximately 300° C., the contact resistance cannot be
decreased. On the other hand, in the above preferred embodi-
ment, even if a heat treatment is performed at a temperature of
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approximately 300° C. or less, such as approximately 200°
C., the contact resistance is sufficiently decreased.

On the other hand, when the AlCu epitaxial film is exposed
to a heat treatment at a temperature of more than approxi-
mately 300° C., Cu in a twin crystal lattice is aggregated, and
Cu hillocks are disadvantageously formed.

Hence, in this preferred embodiment, since the contact
resistance is decreased by a heat treatment at a low tempera-
ture as described above, the generation of Cu hillocks in the
AlCu epitaxial film 115 is effectively reduced or prevented. In
particular, when applied to an elastic wave device having a
crossover type wire portion 21 which uses an interlayer insu-
lating film 22 shown in FIG. 5, various preferred embodi-
ments of the present invention can be more effectively used.
In the crossover type wire portion 21 shown in FIG. 5, the
interlayer insulating film 22 is laminated on a lower wire
pattern 23. In addition, an upper wire pattern 24 is laminated
on the interlayer insulating film 22. The wire pattern 23 and
the wire pattern 24 are insulated from each other by the
interlayer insulating film 22 provided therebetween. The
interlayer insulating film 22 as described above is preferably
formed from a thermosetting resin. With the thermosetting
resin, a sufficient strength is obtained.

According to this preferred embodiment, when the inter-
layer insulating film 22 formed from a thermosetting resin is
thermally cured, even if a thermosetting temperature is
approximately 300° C. or less, the contact resistance between
the first electrode 11 and the second electrode 12 is suffi-
ciently decreased. On the other hand, in the above compara-
tive example, when the thermosetting temperature is low, the
contact resistance cannot be sufficiently decreased. Further-
more, when a thermal load at approximately 300° C. or more
is additionally applied in order to decrease the contact resis-
tance, the Cu hillocks described above are generated.

Hence, according to various preferred embodiments of the
present invention, as the thermosetting resin defining the
interlayer insulating film 22, a thermosetting resin having a
thermosetting temperature of approximately 300° C. or less
preferably is used. Accordingly, the generation of Cu hillocks
is effectively reduced or prevented. As a result, a thermoset-
ting polyimide resin having a thermosetting temperature of
about 220° C. to about 270° C. preferably is used as the
thermosetting resin.

In addition, although the crossover type wire portion is
described with reference to FIG. 5, various preferred embodi-
ments of the present invention may also be eftectively applied
to an elastic wave device including another portion formed by
thermosetting a thermosetting resin instead of the crossover
type wire portion 21. That is, even if the thermosetting tem-
perature of the thermosetting resin is set to approximately
300° C. or less, the contact resistance between the first elec-
trode 11 and the second electrode 12 is capable of being
sufficiently decreased, and the generation of Cu hillocks is
also be effectively reduced or prevented.

In addition, when the piezoelectric substrate 2 is preferably
made of a piezoelectric material having low pyroelectric
properties and is exposed to a high temperature of more than
approximately 300° C., the pyroelectric properties are liable
to be recovered in some cases. In the elastic wave device
according to a preferred embodiment of the present invention,
since a heat treatment performed at a high temperature of
more than approximately 300° C. is not required, the recovery
of the pyroelectric properties as described above is also pre-
vented.

Next, a non-limiting example of a method for manufactur-
ing the surface acoustic wave device 1 of the above preferred
embodiment will be described.
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First, the piezoelectric substrate 2 is prepared. The first
electrode 11 including the IDT electrode 3, the electrode pads
13 to 15, and the wire patterns 16 to 18 are formed on the
piezoelectric substrate 2 to have a flat or substantially flat
shape. More particularly, the Ti film 11a, the AlCu epitaxial
film 115, and the Ti film 11c¢ preferably are formed by a
sputtering method, a deposition method, or the like to have a
crystal orientation oriented in a predetermined direction so
that the normal line direction of the (111) plane of the Al
crystal of the AlCu film and the normal line direction of the
(001) plane of the Ti crystal of each of the Ti film 114 and the
Ti film 11c¢ coincide with the Z axis of the crystal of the
piezoelectric substrate 2, and subsequently, patterning is per-
formed. Accordingly, the Ti film 11a, the AlCu epitaxial film
114, and the Ti film 11¢, each of which is an epitaxial film, are
obtained. Inaddition, in this preferred embodiment, the thick-
ness of the Ti film 11a was set to about 12 nm, the thickness
of the AlCu epitaxial film 115 was set to about 150 nm, and
the thickness of the Ti film 11¢ was set to about 4 nm, for
example. However, the thicknesses of the above films are not
limited to the specific thicknesses mentioned above. In this
preferred embodiment, the Z axis of the crystal of the piezo-
electric body indicates the Z axis which is one crystal axis
among the X axis, the Y axis, and the Z axis of a piezoelectric
crystal material provided as the initial values of the Euler
angles.

In addition, the AlCu epitaxial film 115 was grown as an
epitaxial film having a twin structure with a six-fold rotational
symmetrical spot appearing in an XRD pole figure. The Cu
concentration was set to about 0.2 percent by weight or more.

The Ti film 11a and 11c¢ and the AlCu epitaxial film 115,
which were metal films, were formed by a vacuum deposition
method after a mask was laminated on the piezoelectric sub-
strate 2. However, an appropriate metal film forming method,
such as a sputtering method, may also be used. As a method
for patterning a metal film, for example, a photolithographic
method may be used.

Next, the second electrode 12 is formed on the first elec-
trode 11. When the second electrode 12 was formed, the Ti
film 12a and the AlCu film 125 were formed in this order. In
this preferred embodiment, the thickness of the Ti film 12a
and that of the AlCu film 1256 were set to about 10 nm and
about 400 nm, respectively.

In addition, the thicknesses of the Ti film 12a and the AlCu
film 125 are not limited to those mentioned above. Methods
for forming the Ti film 12a and the AlICu film 125 are not
particularly limited, and for example, a sputtering method or
a vacuum deposition method may be appropriately used.

Next, in order to decrease the contact resistance of the
contact portion between the first electrode 11 and the second
electrode 12, the whole surface acoustic wave device 1 was
heated for 2 hours at a temperature of approximately 270° C.
The contact resistance is decreased as described above. That
is, the contact resistance of the contact portion is decreased by
the heat treatment described above.

In the manufacturing method of this preferred embodi-
ment, the individual steps described above each preferably is
performed at a temperature of approximately 300° C. or less.
Hence, the generation of Cu hillocks is significantly reduced
or prevented.

In addition, when the surface acoustic wave device 1 is
actually manufactured, for example, external connection ter-
minals, such as bumps, are formed, and a protective film is
formed using an insulating film. In the case as described
above, those additional steps are also preferably performed at
atemperature of approximately 300° C. or less. Accordingly,
a piezoelectric material having low pyroelectric properties
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preferably is used as the piezoelectric substrate, and the pyro-
electric properties thereof are prevented from being recov-
ered at a high temperature. In addition, the generation of Cu
hillocks is also significantly reduced or prevented.

In the preferred embodiment described above, the first
electrode 11 preferably has a multilayer structure including
the Ti film 114, the AlCu epitaxial film 115, and the Ti film
11c¢ provided in this order from the bottom. Instead of using
the AlCu epitaxial film 115, an epitaxial film made of a
different metal may also be used. In particular, instead of
using the AlCu epitaxial film 115, an Al epitaxial film or a Pt
epitaxial film may also be used. Furthermore, as long as the
topmost film is the Ti film 11¢, the multilayer structure of the
first electrode 11 is not particularly limited. That is, the bot-
tom Ti film 11a may not be provided. Furthermore, another
epitaxial metal film may be provided between the AlCu epi-
taxial film 115 and the Ti film 11c.

The second electrode 12 is not particularly limited as long
as the bottommost film is the Ti film 12a. That is, a metal film
other than the AlCu film 125 may be laminated on the Ti film
functioning as the bottommost film of the second electrode
12, or another metal film may be further laminated on the
AlCu film 125. In addition, the AlCu film 125 is not required
to be an epitaxial film.

In addition, in various preferred embodiments of the
present invention, the first electrode and the second electrode
are laminated on the piezoelectric substrate, and the func-
tional portions of the elastic wave device including the IDT
electrode are not particularly limited. Hence, various types of
filters and resonators may be provided in accordance with
various preferred embodiments of the present invention.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

What is claimed is:

1. An elastic wave device comprising:

a piezoelectric substrate including a primary surface;

a first electrode provided on the primary surface of the
piezoelectric substrate and including a first multilayer
metal film including at least three metal films laminated
in a bottom-to-top direction, and at least an IDT elec-
trode;

a second electrode provided above the primary surface of
the piezoelectric substrate and including a second mul-
tilayer metal film including metal films laminated in the
bottom-to-top direction; and

a contact portion at which the first electrode and the second
electrode are electrically connected to each other and
defined by a portion at which a bottommost film of the
second multilayer metal film and a topmost film of the
first multilayer metal film are overlapped with each
other; wherein

the first multilayer metal film includes an epitaxial Ti film
defining the topmost film and an epitaxial AlCu film, the
epitaxial Ti film having a crystal orientation oriented in
apredetermined direction so that a normal line direction
of a (001) plane of a Ti crystal of the epitaxial Ti film
coincides with a Z axis of a crystal of a piezoelectric
body defining the piezoelectric substrate; and

the second multilayer metal film includes a Ti film as the
bottommost film.

2. The elastic wave device according to claim 1, wherein

the Ti film defining the bottommost film of the second
multilayer metal film is a polycrystalline Ti film;
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the second multilayer metal film includes an Al film pro-

vided on the bottommost film; and

the epitaxial Ti film which is the topmost film of the first

multilayer metal film and the polycrystalline Ti film
which is the bottommost film of the second multilayer
metal film define an interlayer Ti—Ti junction layer.

3. The elastic wave device according to claim 1, wherein a
Cu concentration of the epitaxial AlCu film is 0.2 percent by
weight or more.

4. The elastic wave device according to claim 3, wherein
the Cu concentration of the epitaxial AICu film is 10 percent
by weight or less.

5. The elastic wave device according to claim 4, wherein a
thickness of the epitaxial Ti film defining the topmost film of
the first multilayer metal film is about 30 A or more.

6. The elastic wave device according to claim 5, wherein
the thickness of the epitaxial Ti film defining the topmost film
of the first multilayer metal film is about 40 A or less.

7. The elastic wave device according to claim 1, wherein
the first multilayer metal film includes a Ti film, the epitaxial
AlCu film, and the epitaxial Ti film defining the topmost film
laminated in this order from bottom.

8. The elastic wave device according to claim 1, wherein
the second multilayer metal film includes the Ti film defining
the bottommost film and an AlCu film laminated in this order
from bottom.
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